Angina usually occurs on exertion during the day and is regarded as being secondary to an increase in myocardial oxygen demand that cannot be met by a simultaneous increase in blood flow because of obstructive coronary artery disease. It can also occur at rest and during sleep at night. The occurrence of nocturnal angina in patients with daytime pain was recognised in one of the earliest descriptions of the syndrome by Heberden.' The suggestion that coronary artery spasm was a possible mechanism of angina pectoris,2 did not receive widespread support until Prinzmetal et al described the classic symptoms in patients with normal coronary arteries.3 Much more clinical, haemodynamic, and angiographic evidence has been accumulated in these patients that
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Accepted for publication 30 June 1986 supports coronary artery spasm as the underlying pathophysiological mechanism.45 It has been suggested, on the basis of these results, that even the nocturnal angina that occurs in patients with fixed obstructive coronary artery disease is secondary to coronary spasm or sudden reductions in coronary blood flow. 67 Episodes of ST segment depression and elevation, which may or may not be associated with chest pain, can be recorded by ambulatory electrocardiographic monitoring.8 In a preliminary study we examined the momentary changes in heart rate that preceded or accompanied episodes of nocturnal ST segment depression in patients with severe obstructive coronary artery disease.9 This detailed analysis showed that there was invariably a small but important increase in heart rate before the onset of ST segment depression in both painful and pain free nocturnal episodes. To Careful analysis of the R-R interval was performed for at least 5 min before the onset of ST segment change (baseline heart rate) and was continued throughout the episode. The R-R interval was measured every 6s to detect precisely the time of onset of any change in heart rate. Thus the exact time of onset of ST segment change and its relation to the change in heart rate could be determined. All the results are expressed as mean (SD).
Results
A total of 90 hours of recording was obtained during 14 nights of sleep in the 10 patients. The eight (fig 2) . Often bodily movements, such as tunming, followed the arousal and were associated with further increases in heart rate. Figure 2 shows an example of the onset of one episode of ST segment depression. Thirty nine of the 42 episodes of ST segment depression were preceded by arousal in which the electroencephalogram changed from a high amplitude slow wave pattern to a low amplitude high frequency pattern. This was followed immediately by an increase in heart rate from 68(10) beats a minute to 87 (10) beats a minute, and only later did the ST segment start to change. All but one of the patients were awakened with chest pain at least once during each night of the study and were given sublingual glyceryl trinitrate.
Four episodes of ST segment depression were associated with rapid eye movement sleep periods. Two episodes followed increases in heart rate which Further increase in heart rate after turning (movement artefact) was followed by the onset of ST segment depression. there was a sudden increase in heart rate, which possibly was more important in initiating myocardial ischaemia. At other times of the night further episodes of ST segment depression that followed bodily movements and arousal developed in this patient. The occurrence of this degree of sleep apnoea in the symptom free population is believed to be not uncommon, although the true incidence is unknown." To our knowledge there is no information on its relation with angina pectoris. Whereas some studies have shown that episodes of nocturnal ST segment change occurred during the rapid eye movement phase of sleep,'2 13 others have reported no relation between rapid eye movement sleep and nocturnal angina.'4 15 Wide fluctuations of heart rate and blood pressure are also known to occur during rapid eye movement sleep as a result of autonomic stimulation. '6 17 In our study, episodes associated with rapid eye movement sleep were uncommon. Analysis of the sleep pattern confirmed that patients spent a proportion of their sleep time in the rapid eye movement phase of sleep. Because patients repeatedly awoke with chest pain several times each night the periods of rapid eye movement associated sleep were short, especially during the first night. We attempted to overcome this difficulty by having four patients sleep for two nights; they had longer periods of rapid eye movement sleep on the second night.
I I
It was not the purpose of this study to establish the sleep,pattern of patients with nocturnal angina. This Quyyumi, Efthimiou, Quyyumi, Mockus, Spiro, Fox would have required several nights of acclimatisation in the sleep laboratory. This was not acceptable in our patients because they were suffering from frequent angina and were being investigated after withdrawal of all antianginal medication. Lightening of sleep, arousal, and bodily movements are normal during sleep and are followed by an increase in heart rate and blood pressure. 16 17 The magnitude of these haemodynamic changes varies between different episodes of arousal. In this study several episodes of arousal occurred that increased heart rate but were not followed by important ST segment depression (> 1 mm). There may be several reasons for this. Firstly, we arbitrarily used 1 mm of ST segment depression as being representative of ischaemia. Often, episodes of heart rate increase were followed by depression of the ST segment that did not reach 1 mm. These may have indicated periods of less severe myocardial ischaemia. Secondly, some episodes ofarousal were followed by an increase in heart rate that was less than that which occurred when such arousal was accompanied by bodily movements such as turning. The latter was more likely to result in important ST segment depression. Also a slower arousal or bodily movements may result in a less rapid increase in heart rate which may also influence the development of ischaemia.
Finally, heart rate is just one of the determinants of myocardial oxygen demand. In this study we did not attempt to measure changes in blood pressure and end diastolic voluzme, which also influence myocardial oxygen demand. It is known that arousal and rapid eye movement sleep are also associated with fluctuations in blood pressure '6 17 and that recumbency increases end diastolic volume. If the magnitude of these changes varied during the course of the night it is not surprising that only some of the episodes of arousal were followed by important ST segment changes. ceded by changes in the heart rate, respiratory rate, or oxygen saturation. Episodes were more common during the early morning hours'9 ( fig 1) . The factors that precipitate coronary artery spasm remain obscure. Coronary artery tone is increased at night and tends to be highest in the early morning hours'9 20; this may account for the increased frequency. Although all the episodes in one patient and 11 of the 14 episodes in the other patient were not preceded by increases in heart rate, three episodes of ST segment depression followed arousal and tachycardia. Possibly coronary spasm was partly but not completely occluding the vessel at these times and was not producing myocardial ischaemia under resting conditions. After arousal and an increase in heart rate, myocardial oxygen demand increased and this resulted in ischaemia and onset of ST segment depression.
Most of the episodes of ST segment elevation and depression were not accompanied by chest pain. In individual patients, however, the factors associated with ahd preceding the onset of painful and pain free episodes of ST segment change were identical. We thank the British Heart Foundation for support and Dr T McMorland for his assistance.
